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(54) Transmission Inertia bralce with bail ramp actuator 



(57) An inertia brake (2) is coupled to a rotating shaft 
(6) of a vehicle transmission where a ball ramp actuator 
(36) energized by an electrical coil (52) is used to load 
a clutch pack (32) whk:h f rationally creates a braking 
torque on the rotating shaft (6) to facilitate synchronous 
gear engagement. A control system includes an elec* 
tronic control unit (136) and an inertia brake controller 



where a variety of sensors provide signals to the elec- 
tronic control unit which uses the sensor signals to gen- 
erate a deceleration signal to the inertia brake controller 
which in turn generates and supplies the appropriate 
level of electrical current to the electrical coil (52) which 
is used to energize the ball ramp actuator (36) thereby 
accurately controlling the rate of shaft rotatk>nal decel- 
eration. 
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Deserlptton 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 

The present invention relates to an inertia brake for 
a vehicle transnrjission. More specifically, the present in- 
vention relates to an inertia brake for a vehicle transmis- 
sion where a ball ramp actuator is used to ioad a clutch 
pack according to a control signal. 



2. Description of the Priof Art 

Transmissions that have their shifting accom- 
plished using actuators controlled by a microprocessor 
in response to a driver request and vartous sensor in- 
puts have been deveksped and are just now entering the 
marketplace. 

Also, sophisticated electrons transmission controls 
are being used to control shift actuators that act to shift 
a gear change transmission independent of the driver. 
Shifting of such a multiple speed gear transmission with- 
out synchronizers requires that the speeds of the gears 
that are to be meshed be matched so that a snixx>th gear 
tooth engagement can take place. A gear on a spinning 
shaft that exceeds the desired mesh speed (synchro- 
nous speed) must be allowed to slow before the gear 
shift can be effectuated. Thus, while the shaft is stowing, 
there Is no driveline link between the engine and the 
transmission. If the vehicle is on an upgrade, especially 
when pulling a toaded trailer, disconnection of the trans- 
mission from the engine allows the vehicle to rapidly 
slow. Thus, while waiting for the transmissfon gear shaft 
to slow to synchronous speed, the vehicle itself stows 
enough that the gear ratio originally selected for the shift 
is no longer appropriate. 

The next shift must then be calculated and selected 
by the electronto control package. Once again, as the 
electronic controller waits for the gear shaft to slow to 
synchronous, the vehicle continues to rapidly deceler- 
ate until the second selected downshift is no tonger ap- 
propriate. Eventually, the vehicle comes to a stop with- 
out a successful downshift being accomplished. Prob- 
lems in quickly executing a shift due to the length of time 
required for a transmissfon gear shaft to decelerate to 
synchronous speed results in operational problems as 
heretofore described. Also, when a conventional trans- 
mission without an electronic control system is shifted, 
an Inertia brake altows shifts to be made more rapkfly 
for improved driver control of the vehfcle. 

A transmisston countershaft and gear assembly 
having a high rotational inertia is accelerated with the 
engine and then a shift requires the shaft to be released 
usually by release of a master clutch. Another gear ratio 
cannot be selected until the gear on the countershaft 
reaches synchronous speed with a gear on the main- 
shaft. 



To date, various tradittonal type braking devices 
have been used to release the rotational speed of a spin- 
ning transmission shaft. For example, shoe type brakes 
and disc clutches using springs for toading of a clutch 
s pack have been used. The inertia brake devices can be 
connected to any shaft that is connected to rotate with 
the input shaft of the transmission including one or more 
countershafts. 

10 SUMMARY OF THE INVENTION 

The present invention provides for the braking and 
subsequent slowing of the rotation of a selected trans- 
mission shaft by means of an inertia brake having a 
'5 clutch pack comprised of a plurality of clutch frkitton 
plates which are clamped together by means of a ball 
ramp actuator. The degree of activation of the ball ramp 
actuator, and hence the clutch pack, is controlled by a 
coil which electromagnetically pulls an armature into 
20 frictional contact with the coil housing thereby providing 
a braking torque to the control ring of the ball ramp ac- 
tuator The ball ramp actuator expands in its axial di- 
mension when such a braking force is applied to the con- 
trol ring which causes a clamping force to be applied to 
the clutch pack. A detailed disctosure of the constructfon 
and operation of a bail ramp actuator can be found in U. 
S. Patent Nos. 2.091.270; 2,605.877; 2.649.941; 
3,000,479 and 5.372.106, the disctosures of which are 
hereby incorporated by reference. The response time of 
30 the ball ramp actuator is quite rapid and the actuator has 
the unk^ue characteristic of generating a very high axial 
force as compared to the braking force applied to the 
control ring, typically in a ratio of 50:1 . The clutch pack 
is made up of a plurality of clutch stationary frictton 
35 plates grounded to the housing and a like number of 
clutch rotating frfctfon plates splined tc rotate with the 
input shaft of a change gear transmission which com- 
bine to apply a rotatbnal retarding torque to the spinning 
transmission input shaft to facilitate gear changes. 
^ The inertia brake of the present invention can be 
applied to any freely rotating shaft in the transmission 
that requires speed reduction to effectuate a gear ratio 
change. Thus, appltoation of the Inertia brake to the 
transmission input shaft and/or counter5haft(s) or even 
^ to a power take-off would be possible to assist in rapid 
gear ratra changes. 

The use of the present invention would allow a 
transmission gear change to be completed more rapidly 
and more reliably especially when sophistrcated auto- 
50 matic electronic controls are utilized to do the shifting. 
As discussed supra, the transmission shifting controller 
cannot select the conrect gear when the vehtele is on a 
steep grade if the transmissfon cannot be brought into 
synchronizatfon quickly to complete a shift. The present 
^ Invention allows the transmission shaft(s) to be qufckly 
sfowed and brought into synchronization so that a shift 
can be quickly and reliably completed. The use of a ball 
ramp actuator to axially toad the clutch pack provides a 
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device with a more rapid response with low energy con- 
sumption and reduced packaging size for the forces cre- 
ated as compared to prior art devices. 

One provision of the present invention is to provide 
a compact, rapid response inertia braice for stowing a 
rotating transmission shaft. 

Another provision of the present invention is to pro- 
vide a compact, rapid response Inertia bralce for slowing 
a rotating transmission shaft utilizing a ball ramp actua- 
tor to load a clutch pacie 

Another provision of the present invention is to pro- 
vide a compact, rapid response inertia bralce for slowing 
a rotating transmission shaft utilizing a ball ramp actua- 
tor to load a plurality of friction plates where some of the 
friction plates are connected to a transmission shaft and 
others are connected to ground. 

Another provision of the present invention is to pro- 
vide a transmission inertia brake utilizing a ball ramp ac- 
tuator to load a clutch pack where a coil creates an elec- 
tromagnetic field to create a braking force on a control 
ring- 
Still another proviston of the present invention is to 
provide a transmisskMi inertia brake utilizing a ball ramp 
actuator to load a clutch pack when a coil creates an 
electromagnetic field to attract and force an armature 
into f rictional contact with a friction surface thereby cre- 
ating a braking force on a control ring. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a cross-sectional view of the Inertia brake 
of the present invention; 

FIG- 2 is a sectional view of the inertia brake of the 
present InventkMi taken along line ll-ll of FIG. 1 ; 
FIG. 3 is a partial end view of a control ring and an 
activation ring of the ball ramp actuator of the 
present inventk>n; 

FIG. 4 is a schematic diagram of a closed loop con- 
trol system of the ball ramp actuated inertia brake 
of the present invention; and 
FIG. 5 is a schematic diagram of the inertia brake 
of the present invention mounted on a transmission. 

DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENT 

In this disclosure, certain terminology will be used 
in the following description for convenience in reference 
only and will not be limiting. For example, the terms 'for- 
ward' and 'rean«vard" will refer to directions fonward and 
reanvard of the inertia brake as installed on a transmis- 
ston. The terms "rightward" and "leftward" will refer to 
directions in the drawings in connection with which the 
terminotogy is used. The terms "inwardly" and "outward- 
ly" will refer to directions toward and away from, respec- 
tively, the geometric center of the brake assembly of the 
present invention. The terms "upward" and "downward" 
will refer to directions as taken in the drawings in con- 
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nectbn with which the terminotogy is used. All foregoing 
terms menttoned above include the nonmal derivatives 
and equivalents thereof. The term transmission as used 
herein shall include all types of gear change transmis- 
5 stons Including single countershaft and twin counter- 
shaft types. 

Now referring to FIG. 1 of the drawings, a cross- 
sectional view of the inertia brake of the present inven- 
tion is shown. An inertia brake 2 of the present invention 

10 is attached to a rotating transmisston shaft such as 
transmission countershaft 6 whk^h Is geared to rotate 
with a transmisston input shaft 160 (see FIG. 5). The 
transmission countershaft 6 carries a plurality of trans- 
mission gears (see countershaft gearset 172 in FIG. 5) 

IS which are selectively meshed with a plurality of main- 
shaft gears (see mainshaft gearset 174 in FIG. 5). At 
certain points of time during which a transmission shift 
is being made, the transmisston countershaft 6 is fre- 
quently rotating and continues to rotate due to the rota- 

20 tional inertia of the assembly. The function of the inertia 
brake 2 is to provkle a braking force to the transmission 
countershaft 6 thereby stowing the rotattonal speed of 
the transmission countershaft 6 such that the shifting of 
the countershaft gears so as to mesh with a selected 

25 mainshaft gear can take place or in another shifting 
technology a sliding clutch is used to engage the desired 
mainshaft gear which is in constant mesh with a coun- 
tershaft gear. The inertia brake slows both the counter- 
shaft and input shaft as the sltoing clutch can engage 

30 the mainshaft gear Operatton of this type of change 
gear transmission is described in U.S. Patent No. 
4,640,145. the disclosure of which is hereby incorporat- 
ed by reference. The transmission countershaft 6 is sup- 
ported in the transmisston housing 1 4 by a countershaft 

35 bearing 10 which allows the transmission countershaft 
Bto freely rotate relative to the transmission housing 14. 
Attached to one end of the transmission countershaft 6 
is an output yoke 18 whtoh is retained by retentton bolt 
22 and nonrotatably connected such that the output 

40 yoke 18 is nonrotatably connected to the transmission 
countershaft 6. The mounting plate 26 provides support 
to the inertia brake housing 28. The mounting plate 26 
and the inertia brake housing 28 can be formed on part 
of the transmisston case 14. 

45 Contained within the inertia brake housing 26 is a 
clutch pack 32 and a ball ramp actuator 36 whtoh is used 
to supply axial load to the clutch pack 32. A pilot shaft 
40 lying on the rotational centerline of the transmisston 
countershaft 6 and supported in coil housing 56 pro- 

60 vtoes the support for a plurality of components neces- 
sary for the proper operatton of the inertia brake 2. Once 
such component is the friction plate 44 whtoh rotates on 
two support bearings 46 and 48 which ride on the pilot 
shaft 40. An electrical coil 52 is contained within the coil 

55 housing 56 where the pilot shaft 40 is pressed into and 
supported by the coil housing 56. The coil housing 56 is 
in turn attached to the inertia brake housing 28 whtoh is 
attached to the nrounttng plate 26 which is attached to 
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the transmission housing 14. Again, the inertia bralce 
housing 28 and the mounting plate 26 can be formed as 
one piece with the transmission case 1 4. 

The coil housing 56 contains a friction surface 60 
against which the friction plate 64 interacts. The friction 
surface 60 is angled relative to the axis of rotation of the 
friction plate 64 to lower the axial force required to gen- 
erate a given torque on the friction plate 64. Likewise, 
the peripheral surface of the friction plate 64 which con- 
tacts the friction surface 60 is similarly angled (thereby 
establishing a contact angle) to form what is known in 
the art as a cone clutch. The friction plate 64 is part of 
the armature 44 which is electromagnetically attracted 
to the coil 52 when an electrical current is introduced 
through electrical connector 66. The electromagnetic 
force induced In the armature 44, specifically in the por- 
tion of the armature 44 identified as the friction plate 64. 
causes the amnature 44 to move axially towards the coil 
52 thereby frictionaliy k)ading the friction plate 64 
against the friction surface 60 formed on the coil housing 
56. In an alternative embodiment, the friction surface 60 
could be formed on the inskle of the inertia brake hous- 
ing 28. 

The friction plate 64 is connected to a control ring 
80 of the ball ramp actuator 36 through a plurality of drive 
pins 68. Thus, the control ring 80 rotates with the friction 
plate 64 and any braking actkMi induced in the armature 
44 through the friction plate 64 is transferred to the con- 
trol ring 80 of the ball ramp actuator 36. The control ring 
80 is axially supported by the thrust plate 72 through a 
thrust bearing 76. Formed in the control ring 80 are a 
plurality of grooves (most commonly three or more) 
which extend circumferentially In face of the control ring 
80 and have a variable axial depth along their length. 
Two of the three grooves are shown in FIG. 1 as control 
groove 90A and control groove 90C. Rolling element 
84A, wheh is spherical in shape, rolls atong the length 
of the control groove 90A whfch varies in depth as will 
be described Infra in reference to FIG. 2. The rolling el- 
ement 84A simultaneously rolls along an activation 
groove 86A which is formed in activation ring 88 where 
the activation grooves 86A, 86B and 86C (see FIG. 2) 
are substantially identcal in shape and In radial position 
to the corresponding control grooves gOA. 90B and 90C 
formed in the control ring 60. Also shown in FIG. 1 is 
activation groove 86C. In the operation of the ball ramp 
actuator 36. as the control ring 80 is rotated relative to 
the activatbn ring 88, the rolling elements 84A, 84B and 
84C roll along their respective activatkxi grooves 86A. 
868 and 86C and also their respective control grooves 
90A. 908 and 90C. Since both the activation grooves 
86A, 868 and 86C and the corresponding control 
grooves 90 A. 908 and 90C vary in depth, the axial sep- 
aration between the control ring 80 and the activation 
ring 88 changes depending on the positk>n of the rolling 
elements e4A. 848 and 84C In their respective activa- 
tion and control grooves. A more detailed description of 
the elements of the ball ramp actuator 36 is presented 



infra with reference to FIGs. 2 and 3. Also, detailed de- 
scriptnn of ball ramp actuators can be found in U.S. Pat- 
ent Nos. 2.091.270; 2,605.877; 2.649,941; 3.000.479 
and 5.372.106. 
s The spacer ring 92 is axially sized to be slightly wid- 
er than the wkith of the ball ramp actuator 36 when in a 
collapsed, nonenergized state. The spacer ring 92 thus 
provides for the axial separation of the clutch pack 32 
from the actuation ring 88 and the thrust bearing 76 from 

10 the control ring 80 so that frntional drag between them 
does not result in activation of the ball ramp actuator 36. 
When the ball ramp actuator 36 is energized by the coil 
52, the axial separatbn between the control ring 60 and 
the activation ring 88 increases. The control ring 80 is 

IS held In axial position by the thrust plate 72 and the thrust 
bearing 76 while the activation ring 88 presses against 
the clutch pack 32. The clutch pack 32 Is made up of a 
plurality of drive plates 96 and statk>nary plates 100 
where the drive plates 96 have frictional material 98 

20 formed on their face surfaces where they contact the 
stationary plates 100 and are arranged such that the 
drive plates 96 alternate with the stationary plates 100. 
In an alternate embodiment, the stationary plates 100 
could carry the frictional material 96. The drive plates 

2S 96 are notched so as to engage splines 1 06 formed on 
the yoke 1 8 whk:h is attached to the transmission coun- 
tershaft 6. The stationary plates 100 are notched to en- 
gage splines 102 formed In the Inertia brake housing 28. 
The drive plates 96 are separated from the statkxiary 

30 plates 100 with spacer springs 1 04 which are shown as 
Belvllle springs which function to maintain a gap be- 
tween the f rk:tion material 98 on the drive plates 96 and 
the stationary plates 100 until an axial bad Is Introduced 
by the ball ramp actuator 36. Axial movement of the ball 

3S ramp actuator 36 causes the spacer rings 104 to be- 
come compressed thereby altowing the f rictk>n material 
98 fonned on the drive plates 96 to functionally engage 
surfaces of the stationary plates 100. In this manner, a 
frictional coupling Is produced between thetransmissbn 

40 output yoke 1 8 and the stationary inertia brake housing 
28 which causes the rotation of the transmission coun- 
tershaft 6 to decelerate at a rate depending on the axial 
force generated by the ball ramp actuator 36 and the 
degree of frictional coupling between the drive plates 96 

4S and the statk)nary plates 1 00. The inertia brake 2 is de- 
signed to operate in an oil bath thereby providing lubri- 
cation to the varbus rotating elements where the fric- 
tional material 98 formed on the drive plates 96 is de- 
signed to provbe the proper coefficient friction in an oil 

so environment when baded against the stationary plates 
100. 

The spring plate 108 pibts on the armature 44 and 
extends to contact and transfer an axial force to the ac- 
tivatbn ring 88 where the axial force is generated by a 
ss return spring 112 acting on the spring plate 108. The 
return spring 1 1 2 has one end which contacts the spring 
plate 108 and a second end which contacts a spring 
bearing 116 specifically at bearing plate 120 whbh re- 
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acts against a plurality of rollers 1 24 and a bearing plate 
128 where the bearing plate 128 is axially restrained to 
the armature 44 by a circlip 1 32. The spring bearing 116 
allows free relative rotation between the return spring 
1 1 2 (which rotates with the spring plate 1 08 and the ac- 
tivation ring 88) and the armature 44. Thus, in operation, 
the spring plate 108 forces the activation ring towards 
the control ring 80 thereby nialntaining contact between 
the rolling elerr^ents 84A, 84B and 84C to both the con- 
trol ring 80 and the activation ring 88. This preloads the 
ball ramp actuator 36 to prevent skidding of the foiling 
elements 84A, 84B and 64C in their respective activa- 
tion grooves 86 A, 866 and 86C and their respective con- 
trol grooves 90 A, SOB and 90C. The return spring 112 
also functions to provide an axial force on the ball lamp 
actuator 36 to unload the clutch pack 32 when the coil 
52 is not energized. 

Now referring to FlGs. 2 and 3 of the drawings, a 
partial sectional view of the inertia brake of the present 
invention taken along line 11-11 of FIG. 1 is shown. FIG. 
2 clearly illustrates the positioning and operation of the 
rolling elements 84 A, 84B and 84C as they engage their 
respective activatbn grooves 86A. 86B and 86C where 
the relative rotation of the control ring 80 with respect to 
the activation ring 88 is most clearly illustrated by refer- 
ence to FIG. 3 which is a partial end view of the control 
ring 60 and the activation ring 88 of the ball ramp actu- 
ator 36 of the present invention. Refen-ing again to FIG. 
2, the pilot shaft 40 is surrounded by the return spring 
112 and the spring bearing 116. The hub splines 106 
formed in the output yoke 18 are clearly shown where 
the drive plates 96 would be notched to engage same. 
Rolling element 84A rolls abng activation groove 86A 
and Its kjcation along activation groove 86A depends on 
the force generated by the friction plate 64 as it engages 
the friction surface 60 when the coil 52 is energized 
thereby etectromagnetlcally attracting the armature 44 
towards the coil 52 and the coll housing 56. If the coun- 
tershaft 6 is rotating, this will cause relative rotation be- 
tween the control ring 80 and the activation ring 88 caus- 
ing the rolling element 84A to translate along the acti- 
vation groove 86A. Likewise, the rolling element 846 re- 
acts in a similar manner and translates along the acti- 
vation groove 86B and the rolling element 84C trans- 
lates along the activation groove 86C. This results in an 
increase in the axial separatk>n between the control ring 
80 and the activatbn ring 88 thereby axially loading the 
clutch pack 32 which generates a retarding force to the 
rotating output yoke 18. 

Now referring to FIG. 3, as the control ring 80 is ro- 
tated relative to the activation ring 68 as indicated by 
the arrows 82 and 83 in the drawing, the rolling element 
e4A rolls atong the activation groove 86 A and in a similar 
manner along the control groove 90A thereby increasing 
the gap 1 36 between the control ring 80 and the activa- 
tion ring 88. Both the control groove 90 A and the acti- 
vation groove 86A vary in depth throughout their length 
where the rolling element 84A is shown in the position 
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where the bail ramp act]39l^r 36 is not energized and 
has been retumed to the nonenergized state by the re- 
turn spring 112 thereby provkling for minimization of the 
separation gap 136. When the coil 52 is energized, the 
braking effect produced by the friction plate 64 is trans- 
ferred by the drive pins 68 into the control ring 80 caus- 
ing the control ring 80 to rotate relative to the activatksn 
ring 88 causing the rolling element 84A to roll along tx:>th 
the activation groove 86A and the control groove 90A. 
This increases the separation gap 136 which loads the 
clutch pack 32 providing a f rictkxial braking action to the 
rotatfon of the transmission countershaft 6. Once again, 
reference is made to U.S. Patent Nos. 2.091,270; 
2.605.877; 2.649.941; 3.000.479 and 5. 372. 106 for ad- 
ditional details of construction and operation of sirnilar 
ball ramp actuators. 

FIG. 4 is a schematic diagram of a ctosed loop con- 
trol system as applied to the ball ramp actuated inertia 
brake of the present invention. An electronic control unit 
136 processes a variety of sensor output signals 140 
from sensors 1 44 such as engine speed, vehicle speed, 
power demand, gear ratio, etc. to calculate the desired 
rate of deceleration of the rotation of the transmissk)n 
countershaft 6 to effectuate the desired or calculated 
gear ratio shift in the transmisston 152. Thus, the output 
sensor signals 140 of a variety of vehicle sensors 144 
are processed by the electronic control unit 1 36 which 
outputs a desired deceleration rate signal 1 48 of the 
transmisskxi countershaft 6 in the form of a deceleratnn 
rate signal 148 which is transferred to an inertia brake 
controller 132. The inertia brake controller 132 in turn 
generates an electrical cun-ent signal 150 labeled as 'i' 
in FIG. 4 which is electrically connected through electri- 
cal connector 66 to the inertia brake 2. In this manner, 
the desired rate of the deceleration to obtain the desired 
rotatton speed of the transmission shaft (which can be 
a mainshaft or one or more transmisskxi countershafts) 
that is required to effectuate a rapid and dependable 
transmissk)n gear change is calculated by the electronic 
control unit 1 36 based on the outputs of a variety of sen- 
sors 144. The electronk; control unit 136 in turn gener- 
ates a deceleration rate signal 1 48 that is transmitted to 
an inertia brake controller 142. The inertia brake con- 
troller 142 then generates an electrical current signal 
150 which is fed to the coil 52 whfch energizes the ball 
ramp actuator 36 where the ball ramp actuator 36 can 
be energized or de-energized to produce the desired 
toading of the clutch pack 32 to provkJe the desired de- 
celeration rate of the transmission countershaft 6 as cal- 
culated by the electronic control unit 1 36. Thus, instead 
of simply turning the inertia brake 2 on and then attempt- 
ing to effectuate a gear shaft at whatever transmission 
countershaft deceleration rate is produced, the deceler- 
ation can be controlled by controlling the electrical cur- 
rent "i" to the electrical coil 52 whfch controls the f no- 
tional interaction between the friction plate 64 and the 
friction surface 60 formed on the coil housing 56 which 
in turn controls the activation level of the ball ramp ac- 



5 



BEST AVAILABLE COPY 



EP 0 735 295 A1 1 



tuator 36. 

FIG. 5 is a schematic diagram of the inertia bralce 2 
of the present invention mounted to a transmission case 
14 and connected to a rotating transmission counter- 
shaft 6 for improved shifting. The transmission case 1 4 s 
supports an input shaft 160 which is rotated by a prime 
mover such as an engine and is coupled and in turn ro- 
tates the countershaft 6 through meshing of the input 
drive gear 1 64 and the countershaft drive gear 1 68. The 
input drive gear 1 64 is nonrotatably attached to the input io 
shaft 160 and the countershaft drive gear 1 68 is non- 
rotatably attached to the countershaft 6. Thus, the coun- 
tershaft 6 rotates with the input shaft 160. 

The inertia brake 2 is mounted to the transmission 
case 14 and is connected to the countershaft 6 by the is 
output yol^e 1 8. When activated by the inertia bral<e con- 
troller 142, the Inertia brake 2 acts to sk>w the rotation 
of the countershaft 6 and the input shaft 160 and con- 
sequently the countershaft gearset 172 shown as a 
schematic representation. The countershaft gearset 20 
1 72 consists of a plurality of gears nonrotatably attached 
to the countershaft 6 and are constantly meshed with 
the mainshaft gearset 174 which consists of a plurality 
of gears rotatably attached to a mainshaft 178. The 
mainshaft 178 is attached to the vehicle driveline out- 25 
side of the transmissbn case 14. 

Shifting of the transmissk)n is accomplished by 
moving the front sliding clutch 182 or the rear sliding 
clutch 164 into engagement with a selected mainshaft 
gear from the mainshaft gearset 174 where the sikiing so 
clutch 1 82 and 1 84 serve to rotationally kxjkthe selected 
gear to the mainshaft 178 thereby completing a path of 
torque transfer from the input shaft 160 into the coun- 
tershaft 6, into the mainshaft 178 and to the vehksle 
driveline. Operatkin of such a transmtsskm is described 3S 
in U.S. Patent No. 4,640.145. While the preferred em- 
bodiment is described with reference to a single coun- 
tershaft type of change gear transmissksn, the inertia 
brake of the present invention is equally adaptable to 
any type of change gear transmission where the sh ifting 40 
can be improved by applying a breaking torque to a spin- 
ning shaft. This includes, but is not limited to a multiple 
countershaft transmission. 

Although the present inventksn has been described 
in its preferred form with a certain degree of particularity. 4S 
it is understood that the present disclosure of the pre- 
ferred embodiment has been made only by way of ex- 
ample, and that numerous changes in the detail con- 
struction and combination and arrangement of the parts 
may be resorted to without departing from the spirit and so 
the scope of the invention as hereinafter claimed. 
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1. An inertia brake for braking the rotatbn of a freely 
rotating shaft in a transmisston comprising: 



a transmission housing containing a plurality of 
shafts and gears for changing the gear ratio in 
a vehicle driveline; 

a housing having a cavity therein, said housing 
attached to said transmission housing; 
a transmissk)n shaft having a plurality of gears 
attached thereto substantially contained within 
sakJ transmission housing; 
a clutch pack having a plurality of drive plates 
nonrotatably attached to said transmission 
shaft and a plurality of stationary plates at- 
tached to said transmission housing; 
a ball ramp actuator for loading said clutch pack 
comprising: an activation ring adjacent to said 
clutch pack where axial movement of said ac- 
tivation ring results in a loadmg and an unload- 
ing of sakJ clutch pack; a control ring disposed 
adjacent to said activation ring, said control ring 
and said activation ring having opposed faces 
provided with circumferentially extending 
grooves, said grooves as at least three op- 
posed pairs of grooves having portions of var- 
ying depth having a maximum depth at one end 
and a minimum depth at an opposite end, and 
rolling members disposed one In each opposed 
pair of grooves, the grooves on said activatton 
ring and sard control ring being arranged so that 
relative angular movement of said activation 
ring and said control ring from a starting posi- 
tion thereof causes axial movement of said ac- 
tivation ring away from said control ring to axi- 
ally load saki clutch pack; 
an armature non rotationally coupled to said 
control ring, saki amriature having a friction 
plate m frictional contact with a frrctbnal sur- 
face formed in saki housing for applying an ac- 
tivating force to said control ring; 
an electrical coil disposed adjacent to said fric- 
tion plate, said frk^tlon plate being forced 
against saki friction surface by an electromag- 
netic field generated by sakJ coil. 

2. The inertia brake of claim 1. wherein said rolling 
members are spherical in shape. 

3. The inertia brake of claim 1, further comprising a 
thrust plate supported by said housing, and a thrust 
bearing disposed between said thrust plate and 
saki control ring for absorbing thrust loads. 

4. The inertia brake of claim 3, further comprising a 
spacer ring having a width to provide axial separa- 
tion between said clutch pack and said activatbn 
ring and between said thrust bearing and said con- 
trol ring for preventing Inadvertent actuation of saki 
ball ramp actuator due to frk:tkxial drag. 

5. The inertia brake of claim 1 . further comprising a 
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spring plate attached to said activation ring, and a 
spring acting against said spring plate forcing said 
activation ring away from said clutch pack. 

6. The inertia brake of claim 1 . wherein sakj stationary 
plates are positioned in an alternating configuration 
with said drive plates. 

7. The inertia brake of claim 6, wherein said drive 
plates have a front surface and a back surface both 
covered with a frictton material where said friction 
material contacts said adjacent stationary plates. 

8. The inertia brake of claim 1 , further comprising a 
control system having an electronic control unit for 
processing a variety of sensor signals and outputing 
a deceleration signal to an inertia brake controller 
where said inertia brake controller generates a cur- 
rent signal that is connected to and energizes said 
coil. 

9. A gearchange transmission having an inertia brake 
comprising; 

a transmission having a transmission case with 
a cavity formed therein, said transmission hav- 
ing a first gearset earned by a rotating trans- 
mission countershaft meshed with a second 
gearset carried by a rotating transmission 
mainshaft all contained substantially within 
said cavity; 

a clutch pack having a plurality of drive plates 
nonrotatably attached to said transmission 
countershaft and a plurality of stationary plates 
attached to sakJ transmission case; 
a ball ramp actuatorfor bading said clutch pack 
comprising: an activation ring adjacent to said 
clutch pack where axial movement of said ac- 
tivation ring results in a bading and an unload- 
ing of said clutch pack; a control ring disposed 
adjacent to said activation ring> said control ring 
and sab activation ring having opposed faces 
provbed with circumferentially extending 
grooves, said grooves as at least three op- 
posed pairs of grooves having portbns off var- 
ying depth having a maximum depth at one end 
eind a minimum depth at an opposite end, and 
rolling members disposed one in each opposed 
pair of grooves, the grooves on said activation 
ring and said control ring being arranged so that 
relative angular movement of sab activation 
ring and sab control ring from a starting posi- 
tbn thereof causes axial movement of sab ac- 
tivatkxi ring away from said control ring to axi- 
al ly bad said clutch pack; 
activatbn means for applying a braking torque 
to said control ring. 
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10. The gearchange tranSfnission of claim 9. wherein 
sab clutch pack is comprised of a plurality of drive 
plates connected to said transmissbn countershaft 
interdigitated with a plurality of stationary plates 

5 connected to sab transmission case. 

11. The gearchange transmissbn of claim 10, wherein 
said drive plates have a frictional material applied 
to a first surface and a second surface of each of 

10 sab drive plates which frictlonally interact with sab 
statbnary plates. 

12. The gearchange transmissbn of claim 9. wherein 
said activation means comprises an armature hav- 

is ing a friction plate coupled to said control plate 
where said friction plate contacts a friction surface 
and applies a braking torque to said control plate 
and wherein a coil disposed adjacent to said arma- 
ture electromagnetk^ally attracts said armature 

20 causing said friction plate to contact said friction 
surface. 

13. The gearchange transmissbn of claim 12, wherein 
said friction surface is formed in a coil housing. 

25 where said coil housing is attached to said trans- 
mission case and has a cavity formed therein for 
holding sab coil. 

14. The gearchange transmission of claim 10, further 
30 comprising a spacer ring disposed to provide axial 

separation between said clutch pack and said bait 
ramp actuator when said ball ramp actuator is in a 
nonenergized state. 

35 IS. The inertia brake of claim 1, wherein said frictbn 
plate contacts sab friction surface at a contact an- 
gle an extensbn of which intersects an axis of rota- 
tion of sab frictbn plate. 

40 16. The inertia brake of claim 1. wherein said frictbn 
plate contacts said friction surface such that in- 
creased axial movement of sab friction plate toward 
sab coil increases sab activating force on said fric- 
tion plate. 
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17. The inertia brake of claim 16, wherein said friction 
plate in combination with said frictbn surface form 
a cone clutch. 

18. The gearchange transmission of claim 12, wherein 
sab friction plate contacts sab friction surface such 
that Increased axial movement of said friction plate 
toward sab coil increases said braking torque on 
sab friction plate. 

19. The gearchange tremsmissbn of claim 12, wherein 
said frbtion plate in combination with said frictbn 
surface form a cone clutch. 
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20. The gearchange transmission of claim 12. wherein 
said friction plate contacts said friction surface at a 
contact angle an extension of which intersects an 
axis of rotation of said friction plate. 
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